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METHOD AND APPARATUS FOR MULTIPLE 
FIELD OF VIEW GRADIENT COILS 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to magnetic resonance and, 
more particularly, to methods and systems for generating an image from a multiple 
field of view gradient coil utilizing a sum and difference approach. 

[0002] Magnetic resonance imaging systems include gradient coils to 
generate linear magnetic field gradients which are used for spatial encoding. Gradient 
coils are typically designed to optimize strength, slewrate, and useful imaging volume. 
The imaging speed of a gradient coil is roughly proportional to the product of strength 
and slewrate. Generally, the larger the useful imaging volume, the lower the imaging 
speed. Hence coils designed for whole body imaging perform less than optimally for 
lower volume applications, such as, for example, a head application. 

[0003] Dual field of view gradient coils were introduced in an 
attempt to overcome this difficulty. In dual field of view gradient coils, a set of two or 
more electrically separate windings is provided for each gradient axis and a single set 
of windings can be switched to operate in two or more different modes, whereby one 
mode provides a higher imaging speed over a small imaging volume, compared to the 
other mode which provides for a larger imaging volume at a lower imaging speed. 

[0004] Dual field of view coils, however, do not attain the 
performance provided by single coils optimized for a given imaging volume, due to 
the physical space requirements of the primary and shield windings. Imaging 
efficiency is the imaging speed (strength times slewrate) divided by the current times 
the voltage provided by the gradient amplifier, for a given imaging volume. The 
larger the separation between the primary and shield windings, the higher the imaging 
efficiency. 
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[0005] There have been many attempts at determining the optimal 
dual field of view coil topology that provides the best imaging efficiency. One 
approach to optimize the dual field of view coil topology uses single primary and 
shield formers, and creates two or more switchable circuits on the surface of each 
former. A problem with this approach is the reduced flexibility with respect to 
optimizing the field linearity, or alternatively the difficulty in constructing the 
multiple conductor crossovers. 

[0006] A second approach uses two separate sets of primary and 
shield coils. One set of primary and shield coils provides for one imaging volume, 
and the other set of primary and shield coils provides for another imaging volume. A 
problem with this approach is that either one set of coils is very inefficient, or both 
sets are moderately inefficient. This approach is commonly known as the "twin" 
configuration. 

[0007] Recently, a "main plus corrector" approach has been 
developed. In the main plus corrector approach, one coil (the main coil) is used for 
both imaging volumes, and the other coil (the corrector coil) is used to increase the 
imaging volume. Hence the small imaging volume is achieved with the main coil 
alone, and the large imaging volume is achieved with the main coil and the corrector 
coil operating simultaneously. This approach offers improved imaging efficiency over 
using two separate sets of coils for each volume. However, in the main plus corrector 
configuration, the gain (gradient strength per unit current) of both volumes is 
determined by the gain of the main coil which can be problematic because typically 
one would prefer to have the smaller imaging volume configuration operate at a 
higher gain than the larger imaging volume configuration. 

BRIEF DESCRIPTION OF THE INVENTION 

[0008] In one aspect, a method of operating a magnetic resonance 
imaging system having a first coil and a second coil to achieve an imaging volume is 
provided. The method includes, in a first mode, achieving the imaging volume by 
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using a sum field from both of the coils, and, in a second mode, achieving the imaging 
volume by using a difference field from both of the coils. 

[0009] In another aspect, a magnetic resonance imaging (MRI) 
system is provided. The system includes at least one first coil, and at least one second 
coil electromagnetically coupled to the first coil. The imaging system is configured to 
operate in a first mode to obtain an imaging volume by using a sum field from the first 
coil and the second coil, and operate in a second mode to obtain an imaging volume 
by using a difference field from the first coil and the second coil. 

[0010] In still another aspect, a method of imaging an object utilizing 
a magnetic resonance system is provided. The method includes imaging a first 
volume using a sum field from a first coil and a second coil, and imaging a second 
volume using a difference field from the first coil and the second coil. 

[001 1] In yet another aspect, a computer readable medium is 
provided. The medium is encoded with a program configured to instruct a computer 
to energize a first coil and a second coil in a first mode to obtain an imaging volume 
by using a sum field from the first coil and the second coil, and energize the first coil 
and the second coil in a second mode to obtain an imaging volume by using a 
difference field from the first coil and the second coil. 

[0012] In another aspect, a computer is provided. The computer is 
configured to receive a mode indication including a small mode and a large mode, 
energize a first coil and a second coil in a first mode to obtain an imaging volume by 
using a sum field from the first coil and the second coil when the indication is large 
mode, and energize the first coil and the second coil in a second mode to obtain an 
imaging volume by using a difference field from the first coil and the second coil 
when the indication is small mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Figure 1 is a block schematic diagram of a Magnetic 
Resonance Imaging (MRI) system. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0014] Herein described are methods and apparatus which utilize a 
sum and difference approach for dual field of view gradient coils used in MRI and 
NMR magnetic field generators. Two windings are utilized for each axis and both 
windings are used for both the small imaging volume and the large imaging volume. 
However in one mode the magnetic fields from one of the coils is reversed. More 
specifically, in a first mode, the imaging volume is achieved by using the sum field 
from both coils and in a second mode, the imaging volume is achieved by using the 
difference field from both coils. 

[0015] As used herein, an element or step recited in the singular and 
preceded with the word "a" or "an" should be understood as not excluding plural 
elements or steps, unless such exclusion is explicitly recited. Furthermore, references 
to "one embodiment" of the present invention are not intended to be interpreted as 
excluding the existence of additional embodiments that also incorporate the recited 
features. Additionally, a reference to a main coil contemplates a plurality of coils, and 
therefore the terms main coil and main coils are used interchangeably herein. For the 
same reason, the terms shield coil and shield coils are also interchangeably herein. 

[0016] Figure 1 is a block diagram of an embodiment of a magnetic 
resonance imaging (MRI) system 10 in which the herein described systems and 
methods are implemented. MRI 10 includes an operator console 12 which includes a 
keyboard and control panel 14 and a display 16. Operator console 12 communicates 
through a link 1 8 with a separate computer system 20 thereby enabling an operator to 
control the production and display of images on screen 16. Computer system 20 
includes a plurality of modules 22 which communicate with each other through a 
backplane. In the exemplary embodiment, modules 22 include an image processor 
module 24, a CPU module 26 and a memory module 28, also referred to herein as a 
frame buffer for storing image data arrays. Computer system 20 is linked to a disk 
storage unit 30 and a tape drive 32 to facilitate storing image data and programs. 
Computer system 20 communicates with a separate system control 34 through a high 
speed serial link 36. 
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[001 7] System control 34 includes a plurality of modules 38 
electrically coupled using a backplane (not shown). In the exemplary embodiment, 
modules 38 include a CPU module 40 and a pulse generator module 42 that is 
electrically coupled to operator console 12 using a serial link 44. Link 44 facilitates 
transmitting and receiving commands between operator console 12 and system control 
34 thereby allowing the operator to input a scan sequence that system 10 is to perform. 
Pulse generator module 42 directs the system components to carry out the desired scan 
sequence, and generates data indicative of the timing, strength and shape of the RF 
pulses which are to be produced, and the timing of, and length of, a data acquisition 
window. Pulse generator module 42 is electrically coupled to a gradient amplifier 
system 46 and provides gradient amplifier system 46 with a signal indicative of the 
timing and shape of the gradient pulses to be generated during the scan. Pulse 
generator module 42 is also configured to receive patient data from a physiological 
acquisition controller 48. In the exemplary embodiment, physiological acquisition 
controller 48 is configured to receive inputs from a plurality of sensors indicative of a 
physiological condition of a patient such as, but not limited to, ECG signals from 
electrodes attached to the patient. Pulse generator module 42 is electrically coupled to 
a scan room interface circuit 50 which is configured to receive signals from various 
sensors indicative of the patient condition and the magnet system. Scan room 
interface circuit 50 is also configured to transmit command signals such as, but not 
limited to, a command signal to move the patient to a desired position, to a patient 
positioning system 52. 

[001 8] The gradient waveforms generated by pulse generator module 
42 are input to gradient amplifier system 46 including a G x amplifier 54, a Gy 
amplifier 56, and a Gz amplifier 58. Amplifiers 54, 56, and 58 each excite a 
corresponding gradient coil in gradient coil assembly 60 to generate a plurality of 
magnetic field gradients used for position encoding acquired signals. In the 
exemplary embodiment, gradient coil assembly 60 includes a magnet assembly 62 that 
includes a polarizing magnet 64 and a whole-body RF coil 66. 
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[0019] In use, a transceiver module 70 positioned in system control 
34 generates a plurality of electrical pulses which are amplified by an RF amplifier 72 
that is electrically coupled to RF coil 66 using a transmit/receive switch 74. The 
resulting signals radiated by the excited nuclei in the patient are sensed by RF coil 66 
and transmitted to a preamplifier 76 through transmit/receive switch 74. The 
amplified NMR (nuclear magnetic resonance) signals are then demodulated, filtered, 
and digitized in a receiver section of transceiver 70. Transmit/receive switch 74 is 
controlled by a signal from pulse generator module 42 to electrically connect RF 
amplifier 72 to coil 66 during the transmit mode and to connect preamplifier 76 during 
the receive mode. Transmit/receive switch 74 also enables a separate RF coil (for 
example, a surface coil) to be used in either a transmit or a receive mode. 

[0020] The NMR signals received by RF coil 66 are digitized by 
transceiver module 70 and transferred to a memory module 78 in system control 34. 
When the scan is completed an array of raw k-space data has been acquired in 
memory module 78. The raw k-space data is rearranged into separate k-space data 
arrays for each cardiac phase image to be reconstructed, and each of these data arrays 
is input to an array processor 80 configured to Fourier transform the data into an array 
of image data. This image data is transmitted through serial link 36 to computer 
system 20 where it is stored in disk memory 30. In response to commands received 
from operator console 12, in one embodiment, this image data is archived on tape 
drive 32, and in a second embodiment, it is further processed by image processor 24, 
transmitted to operator console 12 and presented on display 16. 

[0021] In an example embodiment, two windings, or coils, are 
utilized for each axis, similar to a main plus corrector configuration. However, unlike 
the main plus corrector configuration, both windings are used for both the small 
imaging volume and the large imaging volume since, in one mode, the magnetic fields 
from one of the coils is reversed. For this example, the desired field for the small 
imaging volume is Bl, and the desired field for the large imaging volume is B2. 
Furthermore, the field from the first coil is denoted as CI and the field from the 
second coil is denoted as C2. Then CI and C2 are chosen such that CI + C2 = Bl , 
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and CI - C2 = B2. In other words one imaging volume is achieved by using the sum 
field from both coils, and the other imaging volume is achieved by using the 
difference field from both coils. In this example, the term "coil" is used to include 
both the primary and shield coils. Thus, although only two coils are referenced above, 
there are actually two sets of two coils. 

[0022] An advantage of this "sum and difference" configuration is 
that the effective gains for the fields Bl and B2 don't have to be the same. Hence 
there is much more flexibility in configuring the performance for the two different 
imaging volumes. And, even though the inductance in the small field of view mode is 
increased over the main plus corrector topology, by adjusting the gain ratio between 
Bl and B2 this increase can be made very slight. A further advantage over the main 
plus corrector configuration is that the large field of view coil has a lower resistance. 
Hence the sum and difference configuration allows one to better trade off heating 
losses between the small and large imaging volume modes. 

[0023] There are many ways to configure the current density required 
for coils CI and C2. An example configuration is as follows: 

[0024] (1) Let PI, P2, SI, S2 be the primary and shield radii for coils 
#1 and #2 respectively. Also let PKP2<SKS2. 

[0025] (2) The current density is obtained for a small imaging 
volume coil by assuming that the primary and shield radii are P2 and S 1 respectively. 
This current density is then denoted by Dl . 

[0026] (3) The current density is obtained for a large imaging volume 
coil by assuming that the primary and shield radii are P2 and S2 respectively. This 
current density is then denoted by D2. 

[0027] (4) The initial current density for coil CI is given by El = 0.5 

* (Dl +D2). 
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[0028] (5) The initial current density for coil C2 is given by E2 = 0.5 



* (Dl -D2). 



[0029] (6) The current density El (for coil 1), is then defined for the 



radii P2 and SI. This current density El is then transformed to an equivalent current 
density El ' at the radii PI and SI . This transformation can be performed analytically 
using the procedure described below. 



equivalent current density for a cylinder with a different radius. Transforming current 
density patterns uses the same mathematics as used in determining the optimal shield 
current; and is based on a cylindrical harmonic expansion of the field produced from a 
given cylindrical current density. Most of the theory is described in Jianming Jin's 
book "Electromagnetic Analysis and Design in Magnetic Resonance Imaging", CRC 
Press, 1999. 



[0031] If the mth Fourier component, in the z direction, of the 
azimuthal current density over a cylinder of radius a, is 



[0030] The current density for the coil is transformed into an 



THEORY 




oo 



[1] 



then the z component of the field within the cylinder is 



B z (p, <M) = -^J £ e^e ib | k | j; (k) I m {\k\p)K' m (\k\a)dk. 



[2] 




[3] 



The field from a shielded coil is obtained by setting 
in Eq. 2. 



[4] 



Using Eq. 3, the right hand side can be written as 



aj: 4 {k)\K' m {\k\a)-K\\k\b)^ 




[5] 
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[0032] To transform a gradient coil from a primary and shield 



winding with radii a and b, respectively, to one which has the primary and shield 
winding at radii c and d, respectively, then the condition for the primary current 
density on the new radius, such that the internal field is the same is 



V 1 mV\^\ u > J 

This transformation can be performed without changing the field within the coil. 

[0033] Operator console 12 linked with computer system 20 enables 
an operator to select which mode to use in the production and display of images on 
screen 16. Computer system 20 receives the selection and energizes the coils based 
on the mode chosen. If the operator chooses the large imaging volume mode, 
computer system 20 receives the selection, and energizes a first coil and a second coil 
to obtain an imaging volume by using a sum field from the first coil and the second 
coil. If the operator chooses the small imaging volume mode, computer system 20 
receives the instruction, and energizes the first coil and the second coil to obtain an 
imaging volume by using a difference field from the first coil and the second coil. 



and difference approach for use with dual field of view gradient coils. Although only 
dual field of view gradient coils are described above, it is to be understood that the 
benefits associated with this approach would apply equally well to gradient coils 
having more than two fields of view. 



provide for efficient switching of imaging volumes in a cost effective manner. One 
technical effect of the herein described methods and apparatus is that the herein 
described methods and apparatus offer improved imaging efficiency over using two 
separate sets of coils for each volume. 




[6] 



[0034] Thus a method and system are described that provide a sum 



[0035] Accordingly, the herein described methods and apparatus 
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[0036] While the invention has been described in terms of various 
specific embodiments, those skilled in the art will recognize that the invention can be 
practiced with modification within the spirit and scope of the claims. 
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